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(54) EXTRUDABLE BRIDGED GREASE-LIKE HEAT RADIATING MATERIAL, CONTAINER 
SEALINGLY FILLED WITH THE MATERIAL, METHOD OF MANUFACTURING THE 
CONTAINER, AND METHOD OF RADIATING HEAT BY THE USE THEREOF 



(57) The present invention provides an extrudable, 
crosslinked, grease-like heat- radiating material which 
can find completely new ways of use (in terms of meth- 
ods of operation and putting it in a service area), be- 
cause it can be formed into any shape after it is extruded 
from the container in which it is held (e.g., syringe or 
tube) to be put or placed in a gap of any shape between 
a heat-generating body and heat-radiating body, where 
it keeps shape self-retainability even when kept under 
a very light load, e.g., kept on a slanted plate, unlike the 
conventional thermoconductive silicone rubber compo- 
sition or thermoconductive silicone oil compound, 
whose applicable areas are limited to formed articles, 
represented by sheet, and coating. The present inven- 
tion also provides a container filled with and sealing the 
extrudable, crosslinked, grease-like heat-radiating ma- 



terial, process for producing the container, and method 
of heat radiation using the container. More specifically, 
the present invention provides the extrudable, 
crosslinked, grease-like heat-radiating material com- 
prising a crosslinked silicone gel (A) dispersed with a 
thermoconductive filler (B) and shape self-retainable in 
spite of being fluid, wherein the thermoconductive filler 
(B) is incorporated at 5 to 500 parts by weight per 1 00 
parts by weight of the crosslinked silicone gel (A); con- 
tainer filled with and sealing the extrudable, crosslinked, 
grease-like heat- radiating material; process for produc- 
ing the container; and method of heat radiation using 
the container put or placed in a gap between a heat- 
generating body and heat-releasing body. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] This invention relates to an extrudable, crosslinked, grease-like heat-radiating material, container filled with 
and sealing the same, process for producing the same container, and heat radiation method using the same container. 
More particularly, the extrudable, crosslinked, grease-like heat-radiating material of the present invention can be put 
in a container, e.g., tube or syringe, like grease, paste, clay or the like. As such, it is extrudable from the container by 
a weak force, e.g., that produced by clasping the tube or air pushing the piston in the syringe. It can be formed under 
a pressure into any shape after it is extruded from the container. It can retain its shape (shape self -retai nab ility), even 
when kept under a very light load, e.g., kept on a slanted plate, so long as it is left under the same condition. Moreover, 
it is crosslinked to undergo little temporal changes. Therefore, the present invention can provide a new type of heat- 
radiating material different from the conventional ones. 

DESCRIPTION OF THE PRIOR ART 

[0002] Recently, electronic devices are becoming more functional, smaller, lighter, and more portable and space- 
saving. As a result, electronic parts for these devices generate larger quantities of heat while in service, and have 
smaller spaces into which heat is released. Therefore, efficient removal of heat is one of the important themes for 
developing electronic devices. 

[0003] Heat can be efficiently removed by various methods, of which use of a heat sink (heat-absorbing/radiating 
device) has been extensively applied for its advantages, e.g., simple structure, little noise generated, no power source 
required and low in cost. A heat sink is made of aluminum or aluminum alloy for its high heat-releasing capacity, high 
heat conductivity, lightness and low cost, or titanium, titanium alloy, copper, copper alloy, silver, gold or the like for 
special purposes. These metallic materials, however, are also highly electroconductive to possibly cause failure of 
electronic parts, e.g., LSI, CPU, power transistor, diode, thyristor, substrate and common power source as a heat- 
generating source in an electronic device, e.g., personal computer, microprocessor or CD-ROM drive, when they are 
directly connected to these parts. Therefore, ft is necessary to use a heat sink in combination with a sheet, paint, 
compound or the like which is thermoconductive and electrically insulating. 

[0004] Moreover, the sheet, paint, compound or the like for mounting a heat sink must be well shape-following to 
secure efficient heat transfer to the heat sink; minute irregularities between the heat-generating source and heat sink 
deteriorate thermal conductivity of the assembly, because air layer in the irregularities work as a heat insulating layer. 
[0005] The materials proposed for these purposes include zinc white, silica, alumina, aluminum nitride, boron nitride, 
silicon nitride, silicon carbide, carbon and diamond as thermoconductive materials; and epoxy, polyimide, polycar- 
bonate, polyamide, polyphenylene oxide, urethane, phenol, polyester, fluorine, polyethylene, polypropylene and poly- 
vinyl chloride resin as electrically insulating materials. These resins involve the following problems, although they are 
not common to all of these resins. 

[0006] For example, a group of resins are heated to high temperature of 80°C or higher while in service to thermally 
expand the heat sink with which they are combined, and shrink while out of service. The electronic part in which this 
type of resin is combined with a heat sink may be eventually deformed or broken, when it cannot absorb cycles of 
thermal expansion and shrinkage. Another group of resins are not well filled with a thermoconductive material to harden 
the thermoconductive sheet prepared, when filled with an excessively large quantity of thermoconductive material for 
the resin, with the result that the sheet can no longer relax and absorb thermal expansion and shrinkage of the heat 
sink. When they are filled with an insufficient quantity of a thermoconductive material to avoid the above problems, the 
resultant sheet has an insufficient thermal conductivity to satisfy the intended object. A still another group of resins 
have other disadvantages, e.g., high combustibility, insufficient fabricability, generation of toxic substance when incin- 
erated for waste disposal or high cost. 

[0007] Like these resins : silicone-based resin, rubber and oil have been proposed as the matrix materials for ther- 
moconductive compositions, and a variety of products have been developed. Recently, they have largely replaced the 
above-described resins to almost monopolize the related markets. 

[0008] Silicone polymers have a variety of excellent characteristics, e.g., electrical insulation, flame retardancy, re- 
sistance to cold weather, heat, oil and water, stress/impact absorption/relaxation, adhesion, tackiness, vibration-proof- 
ness, high strength, capacity of being crosslinked by a diversified methods, and possibility of changing fluidity by con- 
trolling its molecular weight. Of these various characteristics, only necessary ones can be selected and utilized. This 
is why these polymers are massively going into the markets. 

[0009] The representative products of silicone-based resin, rubber, oil or the like combined with a thermoconductive 
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material, e.g. , zinc white, silica, alumina, aluminum nitride, boron nitride, silicon nitride, silicon carbide, carbon , diamond 
or the like include those which use silicone oil, e.g., thermoconductive silicone oil compounds (sometimes referred to 
as thermoconductive silicone grease compounds); those which use silicone gel, e.g., thermoconductive silicone gel 
sheets; and those which use crosslinked silicone rubber, e.g., thermoconducvtive silicone rubber compositions (where- 
5 in ; compound is sometimes referred to as composition, and they are synonymous with each other). 

[0010] However, a thermoconductive silicone oil compound is a mere mixture of silicone oil of low viscosity and 
thermoconductive material of low affinity for silicone oil, which causes problems, e.g., separation of silicone oil and 
trickling of the compound itself which may cause its diffusion or movement to the environments while the compound 
is in service, to deteriorate its thermal conductivity. Moreover, a silicone oil compound may have a limited thermal 

10 conductivity, because silicone oil cannot be incorporated with a thermoconductive material at a sufficiently high content. 
Nevertheless, however, a thermoconductive silicone oil compound can be easily produced by mixing a thermoconduc- 
tive material with silicone oil. It can be contained in a tube or syringe (a device, like a medical syringe, which discharges 
a mobile phase it contains by a piston or vane wheel moving at a constant rate), and discharged easily by a human 
hand. It is convenient in that it follows a shape coming into contact therewith, even when it is spread on a very small 

15 object, surface with irregularities or thin coating film, or it is contained in a very narrow gap. It is adhesive to a contacting 
object and hence efficiently conducts heat thereto. It is not easily broken by a stress caused by thermal expansion/ 
shrinkage cycles of a contacting heat-generating body and rarely causes failure of the heat-generating body by relaxing 
stress from a contacting heat sink; and can satisfy its object by only a small quantity. These favorable characteristics 
secure regular demands and markets for these compounds. 

20 [001 1] On the other hand, a thermoconductive silicone rubber composition comprising silicone rubber is not directly 
put or spread in a gap between a heat-generating body and heat sink, unlike a thermoconductive silicone oil compound, 
but passed through calendar rolls many times and kneaded under heating into a sheet of given thickness, which is 
crosslinked under heating to have a millable type crosslinked sheet. A iarge : size crosslinked sheet is cut into a just 
enough size to fill the gap. It is used as a sheet of small size and specific shape. 

25 [001 2] However, the crosslinked, thermoconductive sheet is hard to have a Shore hardness of 90 or more, and hence 
not as well following shape as a thermoconductive silicone oil compound. Therefore, it may break the heat-generating 
body (electronic part) to which it is pressed to stick fast to enhance heat conducting efficiency. Other ways to crosslink 
silicone rubber are condensation to produce a room-temperature vulcanizing (RTV) type, and hydrosilylation to produce 
an addition-crosslinked type. These types of crosslinked, thermoconductive sheets involve the similar problems, al- 

30 though not to an extent to break the heat-generating body. 

[0013] Nevertheless, however, the thermoconductive silicone rubber composition (sheet) in which silicone rubber is 
utilized has fairly large markets because of its various favorable characteristics, e.g., heat resistance, high thermal 
conductivity, high productivity, low cost, high-speed mountability, excellent mechanical properties, stress/impact ab- 
sorbing/relaxing capacity, and softness -co ntro liability by freely adjusting crosslinking density. 

35 [0014] Under these situations, the inventors of the present invention have proposed a thermoconductive silicone 
rubber composition comprising silicone rubber incorporated with metallic silicone (Japanese Patent Laid-open Publi- 
cation No.2000-63670, which, however, cannot sufficiently satisfy the requirements by the users. Moreover, the pub- 
lication, although describing a thermoconductive silicone gel sheet prepared from the composition in EXAMPLE, neither 
describes nor suggests its relationship with the thermoconductive silicone oil compound and possibility of creating new 

40 demand areas by substituting it with others. 

SUMMARY OF THE INVENTION ' 

[0015] It is an object of the present invention, in view of the above-described problems, to provide a heat-radiating 
45 material which solves or reduces disadvantages of the conventional thermoconductive silicone oil/compound while 
keeping its advantages intact, the disadvantages including phenomenon of its diffusion or oozing out into the environ- 
ments, limited thermal conductivity of the compound resulting from low loading of a thermoconductive filler in silicone 
oil (i.e. , insufficient content of the filler in the oil), uneven thermal conductivity of the compound resulting from the phase 
separation of the thermoconductive filler from the silicone oil in a syringe (resulting from the phase separation to cause 
50 an uneven distribution of the oil/filler ratio in the compound), and changed properties of the compound resulting from 
temperature increase of the heat-generating body (e.g., electronic part or motor). Moreover, the applicable areas of 
the conventional thermoconductive silicone rubber composition or thermoconductive silicone oil compound are limited 
to formed articles, represented by sheet, and coating. On the other hand, the heat-radiating material of the present 
invention can find completely new ways of use, because it can be contained in a container, e.g., tube or syringe, like 
55 grease, paste, clay or the like (according to another preferred embodiment, the starting material for silicone gel to be 
incorporated with a thermoconductive filler may be heated while being held in a container) and extruded from the 
container by a weak force, e.g., that produced by clasping the tube or air pushing the piston in the syringe; can be 
formed under a pressure into any shape after it is extruded from the container; shows no diffusion (oozing-out) phe- 
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nomenon in a device in which it is used; has shape self-retainability, i.e., retains its shape even when kept under a 
very light load, e.g., kept on a slanted plate, so long as it is left underthe same condition; and undergoes little temporal 
changes because it is crosslinked. The present invention also provides a container filled with and sealing the heat- 
radiating material, process for producing the container, and method of heat radiation using the container. 
[0016] The inventors of the present invention have found, after having extensively studied to solve the above-de- 
scribed problems, that an extrudable, crosslinked, grease-like heat-radiating material produced by heating a starting 
material for silicone gel after it is dispersed with a thermoconductive filler, which as a crosslinked product was consid- 
ered not to flow, unexpectedly flows by a weak force, e.g., that produced by a piston in the syringe in which it is held, 
can be formed into a specific shape, can retain its shape (shape self-retainability) even when kept under a very light 
load, e.g., kept on a slanted plate so long as it is left underthe same condition, achieving the present invention. 
[0017] More specifically, the first aspect of the present invention provides an extrudable, crosslinked, grease-like 
heat-radiating material comprising a crosslinked silicone gel (A) dispersed with a thermoconductive filler (B), shape 
self-retainable in spite of being fluid, wherein the thermoconductive filler (B) is incorporated at 5 to 500 parts by weight 
per 1 00 parts by weight of the crosslinked silicone gel (A). 

[0018] The second aspect of the present invention provides the extrudable, crosslinked, grease-like heat-radiating 
material of the first aspect, wherein the crosslinked silicone gel (A) has a consistency of 50 to 100 (determined in 
accordance with J IS K-2220 with a 1/4 cone). 

[001 9] The third aspect of the present invention provides the extrudable, crosslinked, grease-like heat-radiating ma^ 
terial of the first aspect, wherein the thermoconductive filler (B) is at least one compound selected from the group 
consisting of ferrite, aluminum nitride, boron nitride, silicon nitride, aluminum oxide and silicon oxide. 
[0020] The fourth aspect of the present invention provides a container filled with and sealing the extrudable, 
crosslinked, grease-like heat-radiating material of one of the first to third aspects. 

[0021] The fifth aspect of the present invention provides the container of the fourth aspect which has a shape of 
syringe or tube. 

[0022] The sixth aspect of the present invention provides a process for producing the container of the fourth or fifth 
aspect which is filled with and sealing the crosslinked, grease-like heat-radiating material comprising the crosslinked 
silicone gel (A) dispersed with the thermoconductive filler (B), produced by heating the starting material for the 
crosslinked silicone gel (A) while or after it is mixed with the thermoconductive filler (B). 

[0023] The seventh aspect of the present invention provides a process for producing the container of the fourth or 
30 fifth aspect which is filled with and sealing the crosslinked, grease-like heat-radiating material comprising the 
crosslinked silicone gel (A) dispersed with the thermoconductive filler (B), wherein the container is filled with and sealing 
the mixed solution of the starling material for the crosslinked silicone gel (A) and thermoconductive filler (B), and the 
whole container body is heated to crosslink the silicone gel it contains. 

[0024] The eighth aspect of the present invention provides a heat-radiation method, wherein the crosslinked, grease- 
35 like heat-radiating material put and sealed in the container according to the fourth or fifth aspect of the present invention 
is put or placed in a gap between a heat-generating body and heat-radiating body in a device, e.g., electronic device 
or motor, to release unnecessary heat generated in the device via the crosslinked, grease-like heat-radiating material. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0025] The present invention is described in more detail. 

1 . Crosslinked silicone gel (A) 



[0026] The present invention uses a crosslinked silicone gel having a consistency of 50 to 1 00 (determined in ac- 
cordance with JIS K-2220 with a 1/4 cone) as the matrix for the extrudable, crosslinked, grease-like heat-radiating 
material. The crosslinked silicone gel itself is a known chemical material. However, the particularly preferable 
crosslinked silicone gel is a specific one which simultaneously satisfies various conditions. For example, it is fluid to 
an extent that it can be extruded from a syringe, tube or the like; kept plastic and shape self-retainable even when 
incorporated with a thermoconductive filler at a high content; free of a low-molecular-weight silicone compound; and 
containing a limited quantity of residual aikenyl group and hydrogen group directly bonded to silicon. 
[0027] The crosslinked silicone gel preferably has a consistency of 50 to 1 00, determined in accordance with JIS K- 
2220 with a 1/4 cone. It may be no longer shape self-retainable when its consistency is above 1 00, to suffer the phe- 
nomenon of oozing-out and diffusion into the environments when spread on an object. Consistency of below 50 is also 
55 undesirable, because the gel may have deteriorated fluidity. 

[0028] The process for producing the crosslinked silicone gel for the present invention is not limited. However, it is 
generally produced by hydrosilylation (addition) reaction between an organo hydrogen polysiioxane and aikenyl polysi- 
loxane as the starting compounds, described later, in the presence of a catalyst. 
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[0029] The starting compounds for the silicone get for the present invention are in many cases an organo hydrogen 
polysiloxane and alkenyl polysiloxane. 

[0030] An organo hydrogen polysiloxane as one of the starting compounds is preferably the one represented by the 
following general formula (1): 



w 




15 

Wherein, R 1 s are each a monovalent hydrocarbon group, and may be the same or different, and substituted or not 
substituted; R 2 , R 3 and R 4 are each R 1 or -H , and at least two of them are -H ; "x" and "y M are each an integer representing 
number of each unit, which may be arranged in a block or randomly, the latter being more preferable; "x" is an integer 
of 0 or more, preferably 1 0 to 30; "y" is an integer of 0 or more, preferably 1 to 1 0; and "x+y" is an integer of 5 to 300, 
20 preferably 30 to 200. 

[0031] At the same time, y/(x+y) is preferably 0.1 or less, beyond which number of the crosslinking sites may be 
excessive and the extrudable, crosslinked, grease-like heat- radiating material of the present invention may not be 
obtained. 

[0032] The examples of R 1 include alkyl groups, e.g., methyl, ethyl, propyl and butyl; cycloalkyl groups, e.g., cy- 
25 clopenty! and cyclohexyl; aryl groups, e.g., phenyl and tolyl; aralkyl, e.g., benzyl and phenylethyl; and halogenated 
hydrocarbons with the hydrogen atom in the above groups being partly substituted by chlorine, fluorine, or the like. 
[0033] Hydrogen directly bonded to the silicon atom (Si-H) is essential for the addition (hydrosilylation) reaction with 
the alkenyl group directly or indirectly bonded to the silicon atom, and the organo hydrogen polysiloxane molecule 
must have at least two Si-H hydrogen atoms. A smaller number of the hydrogen atoms directly bonded to the silicon 
30 atom is undesirable, because number of the crosslinking sites is insufficient to form the silicone gel for the present 
invention, the resultant gel being characteristically similar to the silicone oil. An excessively large number of the hy- 
drogen atoms directly bonded to the silicon atom is also undesirable, because number of the crosslinking sites is 
excessive to make the resultant gel characteristically similar to the silicone rubber. 

[0034] It is needless to say that there is an adequate ratio of number of the Si-H group in the organo hydrogen 
35 polysiloxane to that of the alkenyl group in the alkenyl polysiloxane. The Si-H group/alkenyl group ratio is preferably 
0.85 to 1.25, particularly preferably 0.9 to 1 .1 , for the present invention. The ratio within the above range will bring 
favorable effects, e.g., decreased quantity of the residual alkenyl group in the gel to reduce oxidation-caused ageing 
of the heat-radiating material in an electronic device in which it works, and decreased quantity of the residual Si-H 
group to reduce deterioration of thermal conductivity caused by generation of hydrogen. 
40 [0035] The alkenyl polysiloxane as the other starting compound for producing the crosslinked silicone gel of the 
present invention is preferably the one represented by the following general formula (2): 

R 1 R 1 f f 

R 6 — Si-O-t-Si-O-W-Si-O-Mi-R 7 <« 
R R' R 5 R 1 

Wherein, R 1 s are each a monovalent hydrocarbon group, and may be the same or different, and substituted or not 
substituted; R 5 , R 6 and R 7 are each R 1 or alkenyl group, and at least two of them are alkenyl group; "s" and "t" are 
each an integer representing number of each unit, which may be arranged in a block or randomly, the latter being more 
55 preferable; "s" is an integer of 0 or more,; "t" is an integer of 0 or more; and "s+t" is an integer of 1 0 to 600. At the same 
time, t/(s+t) is preferably 0.1 or less, beyond which number of the crosslinking sites may be excessive and the extrud- 
able, crosslinked, grease-like heat-radiating material of the present invention may not be obtained. 
[0036] The examples of R 1 include alkyl groups, e.g., methyl, ethyl, propyl and butyl; cycloalkyl groups, e.g., cy- 
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clopentyl and cyclohexyl; aryl groups, e.g.. phenyl and tolyl; aralkyl, e.g., benzyl and phenylethyl; and halogenated 
hydrocarbons wrth the hydrogen atom in the above groups being partly substituted by chlorine, fluorine or the like 
[0037] The alkenyl group (e.g. , vinyl or ally!) directly or indirectly bonded to the silicon atom is essential for the addition 
(hydrosilylation) reaction with the hydrogen atom directly bonded to the silicon atom (Si-H), and the alkenyl polysiloxane 
molecule must have at least two alkenyl groups. A smaller number of the alkenyl group is undesirable because number 
of the crosslmking sites is insufficient to form the silicone gel for the present invention, the resultant gel being charac- 
teristically similar to the silicone oil. An excessively large number of the hydrogen atoms is also undesirable because 
T^-f r ° the crossl,nkin 9 sites is excessive to make the resultant gel characteristically similar to the silicone rubber, 
f ?! } , i' S " e ® dless t0 sa * that there is an adequate ratio of number of the alkenyl groups in the alkenyl polysiloxane 
to that o the hydrogen atom directly bonded to the silicon atom (Si-H) in the organo hydrogen polysiloxane. The Si-H 
Si 9rOUP rati ° iS P referab| V 0 85 10 1 - 2S . Particularly preferably 0.9 to 1 .1 , for the reason described earlier 

[0039] The number "s+t" determines distance between the crosslinking sites. An excessively small number is unde- 
sirable, because it means an excessively large number of the crosslinking sites. An excessively large number is also 
undesirable, because it means an excessively small number of the crosslinking sites, and excessively large molecular 
weight of the gel, making it difficult to smoothly discharge the resultant heat-radiating material from a syringe 
[0040] The hydrogen polysiloxane for the present invention, represented by the general formula (1) has the -H 
(hydrogen group) directly bonded to the silicon atom, and the alkenyl polysiloxane represented by the general formula 
(2) has the C-C double bond. Therefore, the C-C double bond and -H (hydrogen group) react with each other through 
the addition reaction, which is referred to as hydrosilylation. 
*> [0041] The hydrosilylation reaction can be effected by a known process, in the presence or absence of organic 
solvent. The solvents useful for the reaction include alcohols, e.g.', ethanol and isopropyl alcohol; aromatic hydrocar- 
bons, e.g toluene and xylene; ethers, e.g., dioxane and THF; and other organic solvents, e.g., aliphatic and chlorinated 
hydrocarbons. Reaction temperature is normally 50 to 1 50°C. A catalyst can be used for the reaction, and the useful 
catalysts include chloroplatinic acid, a complex of chloroplatinic acid and alcohol, platinum/olefin complex platinum/ 
25 vinyl siloxane complex and platinum/phosphorus complex. 

[0042] The catalyst is used normally at 1 to 500ppm as platinum atom, based on the alkenyl polysiloxane, preferably 
3 to 250ppm in consideration of curability of the gel and physical characteristics of the cured product. 

2. Thermoconductive filler (B) 

[0043] . The thermoconductive filler for the present invention is not limited, so long as it works to conduct heat gen- 
erated by the heat-generating body to the heat-radiating body. The representative ones include oxides e g ferrite 
a uminum ox.de, silicon oxide, boron oxide, titanium oxide, zirconium oxide, zinc white and zinc oxide- nitrides eg" 
aluminum, s.l.con, boron, titanium and zirconium nitride; and carbon nanotube, carbon microcoil, pure 'iron diatoma- 
ceous earth, calcium carbonate, talc, clay, bentonite and mica. Of these, more preferable ones include ferrite, aluminum 
nitnde, boron nrtr.de, silicon nitride, aluminum oxide and silicon oxide. Even carbon and metal powder (copper alumi- 
num, or the like) may be used, when electrical insulation of the heat-radiating material is not very important' These 
thermoconductive fillers may be used either individually or in combination, as required. ' ' 

[0044] The thermoconductive filler has an average particle size of 0.1 to 1 00pm, preferably 0.5 to 50um The filler 
having an average particle size below 0.1pm is difficulty produce, and also difficult to uniformly disperse in the matrix 
because particles agglomerate each other. The filler having an average particle size above 1 00pm is also undesirable' 
because it deteriorates thermal conductance efficiency per unit amount. 

[0045] It is preferable to combine the particles having an average size of 5 to 50.um with the smaller ones having an 
average size of 0.1 to 5pm in a ratio at which they follow the distribution curve of closest packing theory because it 
can improve packing efficiency, thereby decreasing viscosity and increasing thermal conductivity of the heat-radiating 
material. y 

[0046] The thermoconductive filler is preferably surface-treated with a silane coupling agent to improve its affinity 
for the silicone gel, fluidity and dispersibility. The silane coupling agents useful for the present invention include Y- 
chloropropyltnmethoxysilane, vinyl trichlorosilane, vinyl triethoxysilane, vinyl trimethoxysilane, vinyl trisfl-methox- 
yethoxy)s.lane, Y-methacryloxypropyltrimethoxysilane, p-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, Y-glycidoxypro- 
pyltnmethoxysilane, Y-mercaptopropyltrimethoxysilane, Y-aminopropyltriethoxysilane, N-0-(aminoetnyl)-Y-aminopro- 
pyltr.ethoxys.lane and Y-ureidoaminopropyltriethoxysilane. The silane coupling agent is incorporated at 0 1 to 10 parts 
by weight per 1 00 parts by weight of the thermoconductive filler, preferably 0.5 to 5 parts by weight 
[0047] The thermoconductive filler (B) is incorporated at 5 to 500 parts by weight per 100 parts by weight of the 
crossl.nkable silicone gel (A). Incorporation of the thermoconductive filler (B) at beyond the above range is undesirable 
The extrudable, crosslinked, grease-like heat- radiating material of the present invention may have an insufficient ther- 
mal conductivity at below 5 parts by weight, and may be difficult to extrude from a syringe or the like because of 
deteriorated fluidity, at above 500 parts by weight. ' 
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3. Extrudable, Crosslinked, Grease-like Heat- Radiating Material 

[0048] The extrudable, crosslinked, grease-like heat-radiating material of the present invention comprises the 
crosslinked silicone gel dispersed with the thermoconductive filler. The term "crosslinked" is used to indicate that the 
5 crosslinked silicone gel is used as the matrix. The term "extrudable" is used because the extrudable, crosslinked, 
g rease _|jke heat-radiating material of the present invention can be extruded from a container, e.g., syringe, filled with 
and sealing the material to fill a gap of any shape between the heat-generating body (e.g., electronic part or motor) 
and heat-radiating body (e.g., heat sink) by being poured or pushed thereinto. 

[0049] "The extrudable, crosslinked, grease-like heat-radiating material is put or placed in a gap between a heat- 
10 generating body and heat-radiating body" means that it is pushed into any gap to fill it, and also that it is poured onto 
or coated on an open area having no closed space, and then covered with another material to first fill the space it forms. 
[0050] The above terms are viewed from different angles. The extrudable, crosslinked, grease-like heat-radiating 
material of the present invention is crosslinked unlike known thermoconductive silicone oil compounds. It is of different 
type from known thermoconductive silicone oil compounds, and developed based on a different technical concept. 
15 This is the reason for describing it as a "crosslinked" material. Moreover, known thermoconductive silicone rubber are 
not used to fill a gap of any shape after being contained in a syringe and extruded therefrom, unlike the one of the 
present invention. The term "extrudable" is used to indicate that the present invention is technically different from known 
thermoconductive silicone rubber. 

[0051] The term "shape self-retainability" is used to indicate that the extrudable, crosslinked, grease-|ike heat-radi- 
20 ating material of the present invention shows characteristics different from those of known thermoconductive silicone 
oil compounds in that it can retain its shape after filling a gap, even when kept under a very light load, e.g., kept on a 
slanted plate. 

4. Container 

25 

[0052] The "container filled with and sealing the extrudable, crosslinked, grease-like heat-radiating material" is the 
fourth aspect of the present invention. A "syringe sealing thermoconductive silicone oil compound" is known and being 
used. It involves various problems, e.g., trickling and oozing-out of the liquid, low thermal conductivity, insulated elec- 
trical contact points and difficulty in filling a gap of any shape. The container of the present invention is to improve the 
30 conventional container. A "container filled with and sealing the extrudable, crosslinked, grease-like heat-radiating ma- 
terial" has not been put in the markets. 

[0053] The container of the present invention is sold as "the container filled with and sealing the extrudable, 
crosslinked, grease-like heat-radiating material," and is represented by syringe, tube or the like. 
[0054] Therefore, the "container" of the present invention is provided with various functions, e.g., fluid-containing 
35 section, fluid-charging and-discharging port, piston or vane wheel for charging or discharging fluid, cap and seal, among 
others, to hold a fluid and charging and/or discharging a given quantity, of the fluid. 

[0055] The container can work when provided.with those selected from piston or vane wheel for fluid-charging and- 
discharging port, cap, seal, and so forth. Taking a syringe as an example, there are various types, e.g., one having 
both fluid-charging and-discharging port, another one having one port for fluid charging and discharging, still another 
40 one originally having both fluid-charging and-discharging port, the former being sealed after the fluid is charged to 
leave the latter, still another one originally having both fluid-charging and-discharging port, both being sealed after the 
fluid is charged, and still another one provided with a means for sealing the fluid-charging and/or -discharging port, e. 
g., one selected from plug, threaded cap, and seal to be put under heating or pressure. 

[0056] The container may be provided with various other means, e.g., heating, cooling, pressure reducing, pressu- 
45 rizing, inducing, evaporating, motoring, hydraulic, pneumatic, measuring, dust-proofing, handling facilitating (auxiliary 
means), displaying, generated gas releasing, reverse flow preventing and temperature sensing means. Most widely 
used container types are syringe and tube. 

[0057] Two methods can be cited for putting and sealing the extrudable, crosslinked, grease-like heat-radiating ma- 
terial in the container of the present invention. Of these, the following two methods can be cited as the representative 
so ones. 

(1) The container is filled with and sealing the crosslinked, grease-like heat-radiating material comprising the 
crosslinked silicone gel (A) dispersed with the thermoconductive filler (B), produced by heating the starting material 
for the crosslinked silicone gel (A) while or after it is mixed with the thermoconductive filler (B). 

[0058] According to this method, large quantities of the starting material for the crosslinked silicone gel (A) can be 
55 mixed and heated with the thermoconductive filler (B) in a large vessel. Therefore, it can give the product at increased 
productivity. It is necessary to defoam the heat-radiating material while it is put and sealed in the container, to prevent 
foams from being caught by the material. 

(2) The container is filled with and sealing the mixed solution of the starting material for the crosslinked silicone gel (A) 
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and theimoconductive filler (B) to disperse the thermoconductive filler (B) in the crosslinked silicone gel (A) and the 
whole container body is heated to crosslink the silicone gel it contains. 

[0059] According to this method, a mixture of the starting material for the crosslinked silicone gel (A) and thermo- 
conductive filler (B) is a low-viscosity liquid, and hence can be put and sealed in a container, e.g syringe or tube 
while preventing foams from being caught by the mixture. As a result, it can be used in a higher-quality state. 

5. Method of radiating heat from a device 

[0060] The extrudable, crosslinked, grease-like heat-radiating material of this invention is extruded from the dis- 
charge port of the container in which it is put and sealed, and then put or placed in a gap between a heat-generatinq 
body and heat-rad.at.ng body in a device, e.g., electronic device or motor, to release unnecessary heat generated in 
the device via the crosslinked, grease-like heat-radiating material. 

ES^L. 1 ?® heat -9 eneratin 9 devices '"elude electronic devices, e.g., personal computer, microprocessor and 
CD-ROM drive, and other devices, e.g., motor, power source, transformer and battery. 

EXAMPLES and COMPARATIVE EXAMPLES 

[0062] The present invention is described in more detail by EXAMPLES and COMPARATIVE EXAMPLES which bv 
no means limit the present invention. 

EXAMPLE 1 

[0063] 1 00 parts by weight of an addition-reaction type silicone gel curable to a consistency of 65 (determined in 
accordance with JIS K-2220 with a 14 cone) (Toray/Dow Corning Silicone's CF5106), 20 parts by weight of aluminum 
nitnde powder (average particle size: 3.6,1m, specific surface area: 2.9m2/g) surface-treated with vinyl trimethoxysilane 
and 30 parts by weight of boron nitride powder (average particle size: 5.4um, specific surface area: 4 2m2/g) were 
umformly d.spersed in a reactor under a vacuum defoaming condition. The resultant mixture was charged in a syringe 
(net volume: 30cm3) through a charging/discharging port (cross-sectional area: 2mm2) under a vacuum defoaming 
condition. The whole syringe body, containing the mixture, was heated at 80°C for 30 minutes, to produce the "syringe 
filled with and sealing the extrudable, crosslinked, grease-like heat-radiating material" of the present invention by 
crosslinking the silicone gel. The extrudable, crosslinked, grease-like heat-radiating material could be discharged from 
the port, when the piston in the syringe was lightly pushed by a thumb. It was tested by the following procedure to 
evaluate its characteristics. a K 

35 [Procedure for testing diffusion (oozing-out) phenomenon] 

[0064] 50g of the extrudable, crosslinked, grease-like heat-radiating material prepared in EXAMPLE 1 was put be- 
tween two glass sheets, which were pressed to a gap of 2mm, i.e., to press the material to a thickness of 2mm It was 
left in a honzontal and slanted condition after pressure was released. It was then continuously subjected to cycles of 
-4°C for 30 minutes and 100°C for 30 minutes in an environment tester, to confirm the material conditions. 

[Evaluation results] 

[0065] The sample placed in a horizontal condition showed no diffusion (oozing-out) phenomenon, with its peripheries 
retaining the original shape. The one placed in a slanted condition showed no liquid-trickling condition 
[0066] The extrudable, crosslinked, grease-like heat-radiating material underwent little temporal changes because 
it was crosslinked. 

[0067] The extrudable, crosslinked, grease-like heat-radiating material had an excellent thermoconductivity of 1 5VW 
m-K, determined by a Kyoto Electronics Manufacturing's quick thermoconductivity meter QTM-500. 

EXAMPLE 2 

[0068] 1 00 parts by weight of an addition-reaction type silicone gel curable to a consistency of 65 (determined in 
accordance wrth JIS K-2220 with a 1/4 cone) (Toray/Dow Corning Silicone's CF5106), 20 parts by weight of aluminum 
nitnde powder (average particle size: 3.5u.m, specific surface area: 2.9m2/g) surface-treated with vinyl trimethoxysilane 
and 30 parts by weight of boron nitride powder (average particle size: 5.4 R m, specific surface area- 4 2m2/g) were 
uniformly dispersed in a reactor under a vacuum defoaming condition. The resultant mixture was heated at 80°C for 
30 minutes, and charged in a syringe (net volume: 30cm3) through a charging/discharging port (cross-sectional area- 
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2mm 2 ) under a vacuum defoaming condition, to obtain the "syringe filled with and sealing the extrudable, crosslinked, 
grease-like heat-radiating material" of the present invention. The extrudable, crosslinked, grease-like heat-radiating 
material could be discharged from the port, when the piston in the syringe was lightly pushed by a thumb. It was tested 
by the following procedure to evaluate its characteristics. 

[Procedure for testing diffusion (oozing-out) phenomenon] 

[0069] 50g of the extrudable, crosslinked, grease-like heat-radiating material prepared in EXAMPLE 2 was put be- 
tween two glass sheets, which were pressed to a gap of 2mm, i.e., to press the material to a thickness of 2mm. It was 
10 left in a horizontal and slanted condition after pressure was released. It was then continuously subjected to cycles of 
-4°C for 30 minutes and 1 00°C for 30 minutes in an environment tester, to confirm the material conditions. 

[Evaluation results] 

15 [0070] The sample placed in a horizontal condition showed no diffusion (oozing-out) phenomenon , with its peripheries 
retaining the original shape. The one placed in a slanted condition showed no liquid-trickling phenomenon. 
[0071] The extrudable, crosslinked, grease-like heat-radiating material underwent little temporal changes, because 
it was crosslinked. 

[0072] The extrudable, crosslinked, grease-like heat-radiating material hgd an excellent therm ©conductivity of 1.5 
20 . w/m-K, determined by a Kyoto Electronics Manufacturing's quick thermoconductivity meter QTM-500. 

COMPARATIVE EXAMPLE 1 

[0073] A commercial fluid, thermoconductive silicone oil compound, which was not crosslinked, was tested in the 
25 same manner as in EXAMPLE 1 for the diffusion (oozing-out) phenomenon to evaluate its characteristics. 

[Evaluation results] 

[0074] The compound placed in a horizontal condition showed a diffusion (oozing-out) phenomenon, with its periph- 
30 eries not retaining the original shape. The one placed in a slanted condition showed a trickling phenomenon. 
[0075] The compound, which was not crosslinked, underwent temporal changes. 

COMPARATIVE EXAMPLE 2 

35 [0076] 1 00 parts by weight of an addition-reaction type silicone gel (Toray/Dow Corning Silicone's CF51 06) curable 
to a penetration of 40 at a load of 50g (JIS K-2207-1980), 20 parts by weight of aluminum nitride powder (average 
particle size: 3.5um, specific surface area: 2.9m 2 /g) surface-treated with vinyl t ri met hoxysi lane and 30 parts by weight 
of boron nitride powder (average particle size: 5.4u/n : specific surface area: 4.2m 2 /g) were uniformly dispersed in a 
reactor under a vacuum defoaming condition. The resultant mixture was charged in a syringe (net volume: 30cm 3 ) 

40 through a charging/discharging port (cross-sectional area: 2mm 2 ) under a vacuum defoaming condition. The whole 
syringe body, containing the mixture, was heated at 80°C for 30 minutes, to produce the "syringe filled with and sealing 
the heat-radiating material." However, this could not produce the "syringe filled with and sealing the extrudable, 
crosslinked, grease-like heat-radiating material" of the present invention, because the material could not be discharged 
through the port even when the piston was pushed strongly by a pneumatic force or the like. 

45 [0077] The extrudable, crosslinked, grease-like heat-radiating material of the present invention/capable of uniformly 
dispersing a thermoconductive filler in a silicone gel, has an increased thermal conductivity uniformly distributed in the 
whole body, because the thermoconductive filler shows no separation or segregation even present at a high content. 
[0078] It can be put in a container, e.g., tube or syringe, like grease, paste, clay or the like (according to another 
preferred embodiment, the container containing the starting material for silicone gel to be incorporated with a thermo- 

50 conductive filler may be heated) and extruded from the container by a weak force, e.g., that produced by clasping the 
tube or air pushing the piston in the syringe. It can be formed under a pressure into any shape after it is extruded from 
the container; shows no diffusion (oozing-out) phenomenon in a device in which it is used; has shape self- reta inability, 
i.e., retains its shape even when kept under a very light load, e.g., kept on a slanted plate, so long as it is left under 
the same condition; and undergoes little temporal changes because it is crosslinked. Moreover, the applicable areas 

55 of the conventional thermoconductive silicone rubber composition or thermoconductive silicone oil compound are lim- 
ited to formed articles, represented by sheet, and coating. On the other hand, the heat-radiating material of the present 
invention can find completely new ways of use (in terms of methods of operation and putting it in a service area), 
because it can be formed into any shape after it is extruded from the container in which it is held (e.g., syringe or tube) 
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to be put or placed in a gap of any shape between a heat-generating body and heat-radiating body, where It keeps 
shape self-reta.nab.lity, i.e., retains its shape even when kept under a very light load, e.g., kept on a slanted plate The 
present invention also provides a container filled with and sealing the heat-radiating material, process for producing 
the container, and method of heat radiation using the container. Therefore, the present invention contributes to extended 
service life, improved function, decreased failure, simplified maintenance works and decreased cost, among others 
of the device for which the heat-radiating material of the present invention is used. 



Claims 



w 



IS 



20 



2S 5. 



An extrudable, crossl.nked, grease-like heat-radiating material comprising a crosslinked silicone gel (A) dispersed 
with a thermoconductive filler (B) and shape self-retainable in spite of being fluid, wherein the thermoconductive 
filler (B) is incorporated at 5 to 500 parts by weight per 1 00 parts by weight of the crosslinked silicone gel (A). 

rm^r rUd 1 ?A l f' h Cr0SS,inkeCl ' 9rease - |ike heat-radiating material according to Claim 1, wherein said crosslinked 
silicone gel (A) has a consistency of 50 to 1 00 (determined in accordance with JIS K-2220 with a 1/4 cone). 

The extrudable, crosslinked, grease-like heat-radiating material according to Claim 1, wherein said thermocon- 
ductive filler (B) is at least one compound selected from the group consisting of ferrite, aluminum nitride, boron 
nitride, silicon nitride, aluminum oxide and silicon oxide. 

A container filled with and sealing the extrudable, crosslinked, grease-like heat-radiating material according to one 
of C/laims 1 to 3. 

The container according to Claim 4 which has a shape of syringe or tube. 

6. A process for producing the container according to Claim 4 or 5 which is filled with and sealing the crosslinked 
grease-Lke heat-radiating material comprising the crosslinked silicone gel (A) dispersed with the thermoconductive 

30 If th!L Pr ° f , V ^ at '?i the StartinQ matSrial f ° r the crosslinked silic °n* 9^ (A) while or after it is mixed with 

the thermoconductive filler (B). 

7. A process for producing the container according to Claim 4 or 5 which is filled with and sealing the crosslinked 
grease- ike heat-radiat.ng material comprising the crosslinked silicone gel (A) dispersed with the thermoconductive 
filler B) wherein said container is filled with and sealing the mixed solution of the starting material for said 
thTsllicone geNt comains^ thermOCOnductive flller < B >' and the wh ^ le container body is heated to crosslink 

A heat-radiation method, wherein the crosslinked, grease-like heat-radiating material put and sealed in the con- 
tamer according to Claim 4 or 5 is put or placed in a gap between a heat-generating body and heat-radiating body 
in a device, e.g., electronic device or motor, to release unnecessary heat generated in said device via said 
crosslinked, grease-like heat- radiating material. 



35 



40 



45 



Amended claims under Art. 19.1 PCT 

1. (cancelled) 

2. (cancelled) 
s o 3. (cancelled) 



55 



4. (amended) A container filled with and sealing the extrudable, crosslinked, greasy heat- radiating material compris- 
ing a crossl.nked silicone gel (A) dispersed with a thermoconductive filler (B), and shape self-retainable in spite of 
being fluid, wherein the thermoconductive filler (B) is incorporated at 5 to 500 parts by weight per 100 parts b V 
weight of the crosslinked silicone gel (A). H y 

5. The container according to Claim 4 which has a shape of syringe or tube. 
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6. A process for producing the container according to Claim 4 or 5 which is filled with and sealing the crosslinked, 
greasy heat- radiating material comprising the crosslinked silicone gel (A) dispersed with the thermoconductive 
filler (B), produced by heating the starting material for the crosslinked silicone gel (A) while or after it is mixed with 
the thermoconductive filler (B). 

7. A process for producing the container according to Claim 4 or 5 which is filled with and sealing the crosslinked, 
greasy heat-radiating material comprising the crosslinked silicone gel (A) dispersed with the thermoconductive 
filler (B), wherein said container is filled with and sealing the mixed solution of the starting material for said 
crosslinked silicone gel (A) and thermoconductive filler (B), and the whole container body is heated to crosslink 
the silicone gel it contains. 

8. A heat-radiation method, wherein the crosslinked, greasy heat-radiating material put and sealed in the container 
according to Claim 4 or 5 is put or placed in a gap between a heat-generating body and heat-radiating body in a 
device, e.g., electronic device or motor, to release unnecessary heat generated in said device via said crosslinked, 
greasy heat-radiating material. 

9. (new) The container according to Claim 4 , wherein said crosslinked silicone gel (A) has a consistency of 50 to 
100 (determined in accordance with JIS K-2220 with a 1/4 cone). 

10. (new) The container according to Claim 4 , wherein said thermoconductive filler (B) is at least one compound 
selected from the group consisting of ferrite, aluminum nitride, boron nitride, silicon nitride, aluminum oxide and 
silicon oxide. 



1375623A1 I _> 



11 



EP 1 375 623 A1 



INTERNATIONAL SEARCH REPORT 


1 International application No. 1 




PCT/JP02/02857 j 


n a. i jun UK SUBJECT MATTER — ^— ^— — — — _ 1 

Int. CI 7 C09K11/06, C08L83/04, H01L23/36 



According to International Patent Qassifkation (IPQ or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symboIsT 
Int. CI 7 C09K11/06, C08L83/G4, H01L23/36 



Documentation searched other than minimum documentation to the extent that such d ocuments are included in the fields 



searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant 



Relevant to claim No. 



X 
Y 



X 
Y 



X 
Y 



US 5021494 A (Toshiba Silicone Col 
04 June, 1991 (04.06.91), 
& JP 2-97559 A 



Ltd.), 



JP 9-17922 A (Tolcai Rubber Industries, Ltd.) 
17 January, 1997 (17.01.97), 
Claims/ Par. Nos . [0008] to [0015] 
(Family: none) 

JP 11-49959 A (Toshiba Silicone Co., Ltd.), 
23 February, 1999 (23.02.99), 
Claims; Par. No. [0015]; example 1 
(Family: none) 



1-6 
8 



1-6 
8 



1-6 
8 



l[x] Further documents are listed in the continuation of Box C Q See patent family annex. 



I * Special categories of cited documents: " 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E* earlier document but published on or after the international filing 
date 

"L" document which may throw doubts on priority claimfe) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or other 
means 

"F* document published prior to the international filing date bet later 

than the priority date clai med 

Date of the actual completion of the international search 



^ later document published after tht international firing date oT 
pnonty date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

X document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
« » „ «>nibination being obvious to a person skilled in the art 
* document member of the same patent family 



12 June, 2002 (12.06.02) 



Name and mailing address of the ISA,' 

Japanese Patent Office 



Facsimile No. 

Form PCT/tSA/210 (second sheet) (July 1998) 



Date of mailing of the international search report 
25 June, 2002 (25.06.02) 



Authorized officer 



Telephone No. 



12 



BNSDOCID: <EP. 



.1375623A1_I_> 



EP 1 375 623 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP02/02857 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



P/A 



Citation of document, with indication, where appropriate, of tbe relevant passages 



JP 62-281434 A (Hitachi, Ltd.)/ 
07 December, 1987 (07.12.87), 

Claims; page 3, upper right column, line 13 to 
lower left column, last line; Fig. 1 
(Family: none) 

US 5100568 A (Shin-Etsu Chemical Co., Ltd.), 
31 May, 1992 (31.05.92), 
$ JP 3-162493 A 

EP 1167457 A2 (Shin-Etsu Chemical Co., Ltd.), 
02 January, 2002 (02.01.02), 
& JP 2002-3718 A 



Relevant to claim No. 



8 



1-8 



1-8 



Form PCT/1SA/210 (continuation of second sheet) (July 1998) 



13 



1375623A1J_> 



THIS PAGE BLANK (uspto) 



